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SPECIAL CONTRIBUTIONS. 
WMDS AND CLOUDS. 

By Professor B R I L L O U ~  of the goole Normale Supbrfeure, Paris. 
[Translated from the Annales de Chimie et  de Physique, October, 

1897, pp. 115-153, and Ciel et Terre, October 16, 1587, p . 395399. 
Communicated as a summary of a more elaborate memoir tRat will be 
published in the Annals for 1898 of the Central Meteorological Bureau 
of France.-C. A.] 

After having for a long time devoted their efforts to tho 
study of atmospheric pressure, meteorologists have now 
turned their attention to the clouds; they photograph them 
and endeavor abovo all to record the heights of the various 
types. The description of the fornis and their relations to 
meteorology in general has made but very little progress be- 
cause in most of the recent treatises the chapters relating to 
the clouds have been restricted to the enumeration of the 
different types adopted by the international conferences 
without any further indications.‘ Some treatises are even 
more positive, and formally declare that up to this time it 
has not been possible to make any nse of the aspect of the 
sky for forecasting the weather;’ this is probably true of 
the central offices of the weather services on account of the 
insufficiency of the short telegraphic dispntches, but is quite 
the reverse when we coneider the experievce of an isolated 
observer.’ The appearance of the sky suffices to show what 

‘Lancaster remarks that this opinion, which was true ten years ago, 
is no longer 80 to-day. Th5 investigations into the forms of clouds and 
the relations of these to the various atmospheric conditions are now 
carried on ever where with great activit and very importrnt works 
on this subject gave been recently publiskd. Among the most recent 
and most‘jnteresting we mention the beautiful inenioir of Mr. H. Helm 
Clayton, Discussion of the Cloud Observations made at the Blue Hill 
Observatory,” which forms the fourth part of Volume XXS of the 
Annals of the Astronomical Observatory of Harvard College, Cam- 
bridge, Mass. This memoir is accompanied by numerous plates, and 
contains more than -W quarto pages. 

‘Van Bebber. Handbuch der ausiibenden Witterungskunde, 3 vols., 
1886. Die Wettervorhersage, 1 vol., 1891, p. 50. 

SThe upper and lower clouds were ela%orately observed and tele- 
gaphed for the use of the daily weather bulletin of the Cincinnati 

bservatory, beginiiing with September, 1869, and have also been tele- 
raphed and shown on the tridaily charts of the Signal Service and 

bea ther  Bureau ever since July, 1571. They have often proved of 
great importance in making up the weather forecasts.-C. A. 
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is passing a t  a distance of at least 100 or 200 kilometers from 
any station, but the experience acquired is personal because 
i t  is synthetical. This is affirmed even by those who have 
bestowed the most labor on this subject, e. g., Clement Ley’ 
from a narrow point of view; Abercromby’ with more in- 
dependence of thought. It appears then that theory alone 
should be capable of defining absolutely coneisten t types, and 
of analyzing and describing all their characteristics. Un- 
fortunately, until within recent years, theory has dealt only 
with two kinds of action capable of producing condeusation: 
viz, the expansion to which we owe the cumulus clouds, and 
the cooling by radiation which produces the stratus clouds ; 
these two forms which are characteristic of permanent con- 
ditions are, therefore, useless, or nearly so, for forecasting. 

The transient forms which correspond to the changes of 
weather are due to the mixtures of air from contiguous re- 
gions, one of which is calm and the other is in movemen t ; 
but the theory of these clouds due to mixture has hitherto 
been unapproachable. At first, the physical theory of con- 
densation by mixture was so complex, from an analytical 
’ Modern Meteorology (1875). Fourth Conference. Clouds and 

Weather Signs, by C1. Ley, y. 102-136. Aids to the Study and Fore- 
cast of the Weather, 1880. C oudland, 1891, 1 vol. 

Unfortunately Ley ascribes everything to the “ c  clones” of the 
temperate regions. A glance at  his illustrations w i i  show that we 
have to do, not with the coordination around a center, but with two 
contiguous currents which interfere with each other and are equiva- 
lent to the sketch given farther on. Ley’s diagram is simply repro- 
duced by Sprung in his Lehrbuch der Meteorologie, 1855. 

Weather: A Popular Ex  osition of the Nature of Weather Changes 
from Day to Day, by the don .  Ralph Abercromby (3d edition), 1892. 
1 vol., London. Tropical and Extratropical Cyclones (Proc. of the 
Royal Society of London, Vol. XLIII, 1587, pp. 130). This article 
was written on his return f:ym a meteorolo ical journey around the 
world. I n  the two pages of Conclusions” t%e author admirably de- 
scribes the difference between the storms of our latitudes and those of 
the tropics; the last phrase, which gives more importance to the 
analo ies than to the differences, is the only part that is ordinarily 
quotes 

should perhaps be said that the older theory of mixtures was 
equal1 prominent until Espy and H a m  forced it into the background. 
(See &nn’s Memoirs, translated by the Editor, in the Ann. Rep. 
Smithsonian Inst., 1877.)-C. A. 



438 MONTHLY WEATHER REVIEW. OCTOBER, 1897 

point of view, that no descriptive enumeration of the vari- 
ous possible cases could be attempted; this gap has been 
filled by the several memoirs of Professor von Bezold’ and the 
methods for detailed graphic discuesion that he invented ; 
this suffices for the study of mixtures in calm weather, but 
these mixtures are of little activity and of little interest. As 
to the mixtures produced by different or opposing contigu- 
ous winds, not only was it not known how to study them, but 
the theory of the general circulation of the atmosphere sys- 
tematically ignored them. Up to the time of the publication 
of the fundamental memoir by von Helmholtz,* which, in 
spite of the authority of this eminent physicist, pa.seed un- 
noticed’ all the attempts to franie a theory of the general 
circulation embraced the atmosphere of the globe as a whole. 

The continuity of the general movements, which is only an 
arbitrary hypothesis, was, and still is, regarded by the greater 
number of theoretical students as an axiom that is so self- 
evident that it is useless to euunciate it;‘ now it is precisely 
the opposite to this that is in evidence and that results from 
daily observation. The atmosphere is divided in to regions hav- 
ing different characteristics as to temperature, cloudiness, and 
velocity of the wind, which are separated by zones often very 
insiguificant but permanent when they follow the coast line 
of continents and oceans. These discontinuities are by no 
means incompatible with the aerodynamic theory ; quit.e the 
contrary; in an ideal fluid that is nonconductive as to heat 
and has no internal friction there is no coiidition of continu- 
ity attached to the distribution of the temperatures. Only 
two conditions of continuity are imposed upon the velocities, 
i. e., that of the conservation of matter and that of the con- 
tiuuity of pressure,” but not the continuity of the deriva- 
tives of pressure, viz, the gradients. Any different winds 
whatever may exist on the two sides of a surface of separa- 
tion. Aerodynamics will teach us what forms and what niove- 
ments this surface of separation may assume. 

Continuity of temperature and of velocity is imposed only 
in a single case: that in which nuiiierous causes of local 
diaturhrtncee, small and a1 ternating, and averaging zero, 
produce a large number of restricted and slow circulations 
throughout the whole zone. In  this cast) the transpor- 
tation of matter, with ita thermic and dynamic properties, 
produces a general continuous state b3 convect,ion; this is 
illustrated by the average condition produced in extended 
zones by the a.lternatioiis of day and night. I n  the terres- 
trial atmosphere the conductivity, the internal friction, and 
the diffusibility are so very small that in the nbsc.nce of mix- 
tures i t  would require centuries of time for the penetration 
of motion, or of heat, or of aqueous vapor, to only a few tens 
of meters from a surface of initial discontinuity, as Helm- 
holtz has reminded us6 in the beginning of the above-men- 
tioned memoir. 

~~ ~~~ 

Sitzungsb. der Berliner Kon. Akad., 1858. (Translation in Abbe’s 
Mechanics of the Earth’s Atmosphere.) 

* Sitzungsb. Kon. Akad., Berlin, 1888-89. 
*This memoir is well known to the majority of meteorologista iii 

England, and America. It is summarized in Waldo’s 
gz;t%eteorolo y, and is iven in full in the Editor’s collection of 
translations puhlisEed by the%mithsonian Institution as the Mechanics 
of the Earth’s Atmosphere.-C. A. 

The discontinuous phenomena of the general circulation have been 
dwelt on by Ferrel, Margules, Teisserenc de Bort, Rausenberger, and 
others.-C. A. 

5That is, the continuity of pressure in the case of movements that 
are propagated slowly. Discontinuities of pressure are possible, but 
they are propagated with the velocity of sound and play no role in the 
general circulation, however much they may influence certain special 
phenomena. 

61n order, by the influence of viscosity, to reduce by one-half the dif- 
ference of velocity at the soil and at the u r surface of the atmos- 
\here, supposed to be homogeneous and 8 !%meters dee fort -three 
t ousand yeirs would be required. In order to reduce tke didrence 
of temperature by one-half by the process of conduction of heat thirty- 
six thousand years would be requued. 

Thus, the whole theoryof the movements of the atmoe- 
phere becomes essentially that of the subdivision of the 
atniosphere into distinct convective zones (areas of high 
pressure, the anticyclones of the meteorologists or the regions 
of calms of AI. Duclaux) and that of the permanence, or the 
gradual, or the iustantaneoue transformation of the surfaces 
of these convective zones. This subdivision, moreover, is 
theoretically inevitable, since in an annular zone in a state 
of average convection, the motion obeys the law of the areas ; 
in this case the velocity of the wind varies in an inverse 
ratio to its distance from the axis of rotation. These veloc- 
ities would become formidable in a zone of small extent in 
latitude did they not produce spontaneously a mechanism of 
energetic resistance. This consists in the mixtures of con- 
tiguous zones, produced either by the inequalities of the 
ground or by the inequalities of density which regulate the 
movement and moderate the velocity of the wind. This 
mechanism, however, does not act uniformly throughout the 
whole extent of the atmosphere, since neither is the soil uni- 
formly undulating, nor is the atmosphere uniformly cloudy. 
The plains and the mountains, the continents and the seas, 
give rise to natural zones whose properties are diverse and 
indicate the natural position of the surfaces of separation. 

In the memoir already alluded to Helmholtz has inveeti- 
gated, by analytical methods, the form of the separating 
surfaces of annular zones surrounding the whole globe and 
the position occupied by the ring of mixture between the 
two zones which produce it, but he has restricted himself to 
the case of dry air which leads to very simple results. 

The combined study of these two memoirs, one by von 
Bezold, the other by von Helmholtz, has enabled me to study 
and describe every form of cloud characteristic of contiguous, 
stahle, cloudy zones, as also the changes, either slow or rapid, 
that accompany them, and the encroachments inversely be- 
low and above in t.he atmosphere (the derived currents and 
the interpolated layers of M. Duclaux) which necessarily re- 
sult from certain distributions of temperature and cloud. 

I had first to complete von Bezold’s theory of mixtures by 
insisting on the fact that a mixture of cloudy air and of clear 
air, containing but little moisture, is always accompanied 
by a fall of temperature produced by the partial evaporation 
and that for certain proportions the mixture is colder’ than 
the colder of the twocomponents. The mixture is, therefore, 
also denser, and falls downward between the two components 
under the form of a “very cold wave,” being clear if the 
evaporation is complete but foggy if the evaporation is not 
completed. 

On the contrary, two saturated components always give a 
feebly cloudy mixture of intermediate temperature, but a 
little above the mean of the component temperatures these 
thin clouds are feebly ascendant in calm weather. 

Taking up the theory of Helmholtz under an elementary 
geometric form, I have given a simple exposition of it, and 
have developed the discussion of the form and of the stabil- 
ity of the surfaces of separation of two regions having un- 
equal cloudiness and animated by different winds, and have 
traced outline sections of the hands, together with their sys- 
tems of clouds, formed where these two zones intermix, one 
ascending and the other descending, and have indicated the 
cases in which the resulting rain will fall in showers or con- 
tinuously, a ~ ~ d  on the contrary, the cases in  which the sky will 
clear up and the appearances i t  will present. 

I will at present limit myself to indicating the essential 
points of this study. First, when one desires to study the 
movements of the atmosphere with respect to the rotating 
terrestrial globe, it is necessary to take account, not only of 
the real forces, but of the apparent forces, such as the simple 

Von Bezold, 3d Memoir, Octoher, 1889, art. c., translation in Me- 
chanics of the Earth’s Atmosphere, p. 274. 
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and composite centrifugal forces, which are due to the mo- 
bility of the reference axes. Two equal masses animated by 
different movements are, in the case of rotation, not subject 
to equal forces. I n  a convective zone (viz, where motion 
exists) the level surfaces are not parallel to the surface of 
quiet water; they are more concave toward the center of the 
globe. Pressure diminishes slowly from the center of such 
a zone toward its boundaries. 

The surface of separation between two zones is the IOCUS 
of the mutual intersections of level surfaces having the 
same numerical designation in the two zones [viz. the place 
of intersection of the equivalent contour lines in the two 
zones .4 .  A.]. This surface can have any inclination what- 
ever to the horizon; it is parallel to the axis of rotation of 
the earth if the densities are equal, although the velocities 
may be different. Two conditions are necessary for stability; 
one of these I shall call thermic, the other dy?iamic. The 
thermic condition requires that in going from the ground 
upward in the direction of the pole, but not in the direction 
of the vertical, one shall meet layers of air of decreasing 
density; the dynamic condition is that the velocity of the 
wind toward the east shall decrease as we traverse horizon- 
tally over the discontinuous surface (the surface of separa- 
tion) in the direction of increasing latitude. I n  a ring of 
mixture [i.e., the belt along a small circle of latitude between 
the northern and southern components.4. A.], where the 
relative proportion of the two components varies progressively, 
the dynamic condition is that the velocity of the wind toward 
the east shall iccrease less rapidly as we go from south to 
north than in a homogeneous ring in convective equilibrium. 

tudes, on the surface of separation of two unequally cloudy 
zones certain tendencies, sometimes concordant, but unequal, 
sometimes opposed to each other, to which I have devoted a 
somewhat minute discussion. The precedingfigure represents 
an outline section of the five most important cases and ex- 
plains itself. 

During the many years that I have studied the sky, I have 
very frequently observed, in all their purity, the more typical 
fornis of clouds in continuous zones occupying the whole sky. 
It was the almost complete absence of theee fornis from the 
Interuational Cloud Atlas and the evident insufficiency of 
the descriptions in that atlas which, by exciting my curiosity, 
led me to undertake to study their theory. Hereafter, except- 
ing any errors that I may have made in this study, the signifi- 
cation of any given aspect of the sky will be associated with 
a perfecbly definite atmospheric condition as to the direction 
and force of the wind, the inequalit-ies of distant temperatures, 
the relative altitudes and thicknesses of distant clouds, and 
the consecutive modifications of these conditions. We have 
no longer to do with personal and local experience, but with 
an analytical description of a small number of characteris- 
tics, easy to comprehend and applicable a t  every locality 
throughout the globe. 

My very extensive memoir is a t  present in press and will 
appear in “Annales” of the Central Meteorological Bureau of 
France, 1898. The object of this short note is to point out 
to physicists the fact that the questions of general meteor- 
ology belong to their domain and merit their attention, and 
that however difficult they may appear they are not un- 
solvable. 

I I 

The left hand side of this diagram is the polar side: Cold above, 
wind from the east. 

The right hand side is the equatorial side: Warm above, wind from 
the west. 

As to the position of the mixture, higher or lower in the 
atmosphere, this also depends upon two conditions, one ther- 
mic and the other dynamic. I n  the case of mixtures of two 
zones of dry air, the dynamic condition has a preponderating 
influence, since the specific volume of the mixture is then 
equal to the average of the specific volumes of the compo- 
nents; but this is not the case when there is any condense- 
tion, and especially when there is any evaporation, to even a 
limited amount. From this there results, a t  different alti- 

The types shown in the five sections of the accompanying 
diagram differ only as to the thickness and the elevation of the 
cloudy layers. In  the neighborhood of the ground the varia- 
tion of temperature with latitude is iiiverse to that which 
obtains in the upper levels; the ring of mixture extends 
around the earth on parallels of latitude nearly uniformly a t  
the same level as that of the two zones throughout their 
whole extent; generally it rises to the upper part of the 
atmosphere on its polar side, and on its equatorial side de- 
scends to the lower atmosphere near the ground. 

The more complicated types in which the variation of tem- 
perature with latitude has the same sign atove and below, 
but the opposite sign a t  a medium altitude, are also described 
in the complete memoir ; these give rise to thunderstorms. 

-0- 

ULIMATE AS A CONTROLLING FACTOR IN LONO-DIS- 
TANCE TRANSMISSION OF ELECTRICAL ENERGY. 

By ALEXANDEB (3. MCADIE (dated August s7.1897). 

Those of us who havedone any experimental work in atmos- 
pheric electricity, a t  a very early period in our experiments, 
learned the necessity of an almost perfect systeni of insula- 
tion, in dealing with the very high potentials likely to be en- 
countered. I n  fact, with all our care, there is always a lin- 
gering suspicion in examining photographic records,\hat the 
running down of the voltage in foggy and damp weather was, 
in large measure, the consequence of the defective insulation 
due to a deposit of the moisture. The careful worker will 
always rigorously and frequently test his insulators. In the 
materia,, glass with eulphllric acid, and in the of the 
insulator, we strive to prevent any creeping or leaking of the 
charge. The Mascart table and suspension insulators which 
are now to be found in most physical laboratories are excel- 
lent and embody the principles upon which the future high- 
test insulators must be constructed. Since they were designed, 
however, both mice and quartz have come into commercial 
use, and it might be interesting to compare insulators made 
of these materials with the standard Mascart patterns. But 
even with a good insulator we must watch constantly the 
hygrometric condition of the air, for the insulation which is 


